Abstract
Introduction
The genus Episyrphus was first described by Matsumura in 1917 (Matsumura and Adachi 1917a) however Episyrphus was treated as a synonym of Syrphus by most authors until the works of Goffe (1944) , Dušek, J. and Láska, P. (1967) , Hippa (1968) and Vockeroth (1969) . The genus, including its two subgenera Episyrphus and Asiobaccha Violovitch, 1976 (Thompson and Vockeroth 1989) , and the closely related Meliscaeva Frey, 1946 are separated from all other genera of Syrphini by having black, sclerotized "dots" or setal bases along the wing margin and a tuft of pile on the anterior part of the anepisternum (Vockeroth, 1969) . Episyrphus can be distinguished from Meliscaeva by the presence of a tuft of pile under the spiracle on the metepimeron. The subgenus Asiobaccha can be distinguished from Episyrphus s.s. by having a petiolate abdomen. The possession of double black bands on tergites three and four can be used to distinguish Episyrphus from other syrphine genera in Europe (Stubbs & Falk 1983) and can also be applied in part to the Australian and Asian faunas.
The subgenus Episyrphus (Episyrphus) currently contains twenty described species distributed in the Palaearctic, Oriental, Australasian and Afrotropical regions (Vockeroth 1969; Knutson et al. 1975; Peck 1988; Thompson and Vockeroth 1989) . The subgenus does not occur in the Nearctic and Neotropical regions (Vockeroth 1969; Vockeroth and Thompson 1981; Wirth et al. 1983) . While there are seven African species, most occur in the Oriental and Australasian regions. The genus has been revised in the Afrotropical region with Vockeroth (1973a) , Ghorpade (1981) and Kassebeer (2000) all describing new species. An additional species has been recently described from China, E. perscitus He and Chu (1992) .
The taxonomy of Episyrphus (Episyrphus) is complicated by a high degree of intra-specific colour variation that has led to considerable confusion in the delimitation of species, in particular Episyrphus (Episyrphus) balteatus (De Geer, 1776) . Episyrphus (E.) balteatus, the most widespread species, is distributed over most of the Palaearctic region. Authors vary considerably in their descriptions of the sternal colour patterns and scutellar pilosity of E. (E.) balteatus (Matsumura and Adachi 1917b , Curran 1930 , Hippa 1968 , Vockeroth 1973a , Ghorpade 1981 , Kumar et al. 1987 . Kapoor et al. (1985) found six separate colour variants within "E. (E.) balteatus" in India and as the terminalia did not differ, they considered the six groups belong to a single species. However, male terminalia do not vary substantially at the species level in the Syrphini (Vockeroth 1969; Thompson pers. comm.) and it is possible that a species complex may exist rather than a single variable species (Curran 1928; Thompson pers. comm.) . Dušek & Láska (1974) studied environmentally induced phenotypic variation within syrphines by investigating the effect of temperature during development on adult colour patterns. At lower temperatures, adults of the four species they studied, Metasyrphus corollae (Fabricius), M. luniger (Meigen), Episyrphus (E.) balteatus and Sphaerophoria scripta Linnaeus, had darker legs, antennae and pile on the scutellum and wider dark bands on the abdomen.
Abdominal colour variation in Australian Episyrphus (Episyrphus) consists of variation in width of bands on tergites one to five and the absence or presence and varying shape of sternal markings. Sternal markings may consist of spots, dashes or a complete, transverse band. The colour of frontal and scutellar pile also varies.
In this study, rearing experiments were conducted with specimens of the most common species of Australian Episyrphus (Episyrphus) to determine the range of colour variation within the species and to establish the most reliable, invariable taxonomic characters. Experiments to determine the effect of pupal temperature on colour patterns and vestiture were carried out. Museum specimens were then examined to determine if the variation observed could be correlated with season collected or sex.
Three species of Episyrphus (Episyrphus) have previously been recorded in Australia. Although the most recent edition of the Catalogue of the Diptera of Australasia and Oceania, (Thompson and Vockeroth 1989) lists only two species-E. (E.) nectarinus Wiedemann, 1830) and E. alternans (Macquart, 1842) . Knutson et al. (1975) 
Materials and methods
Male and female genitalia were prepared by macerating the terminalia in 10% KOH at room temperature overnight. Genitalia were then dissected in distilled water and placed in glycerol. Preparations were examined on a slide and then stored in glycerol in a genitalia vial attached to the pin beneath the specimen. Genitalia showed little variation between species and have not been included in descriptions. The male genitalia of the three species are all very similar to that of E. (E.) balteatus. Nomenclature follows McAlpine (1981) .
Label data of holotype and syntype specimens are quoted in detail, with line breaks indicated by slashes. Label data of paratypes and additional specimens are generally given in a standardised form. The following abbreviations are used: AM, Australian Museum, Sydney; ANIC, Australian National Insect Collection, Canberra; CNC, Canadian National Collection of Insects, Arachnids and Nematodes; GDC, Mr G. Daniels Collection, Brisbane; MNHN, Museum Natural D'Histoire Naturelle, Paris, France; QM, Queensland Museum, Brisbane; NHM, Natural History Musem, London; QDPI, Queensland Department of Primary Industries Collection, Brisbane; UQIC, University of Queensland Insect Collection, now held in Queensland Museum, Brisbane; ZMUC, Zoological Museum, University of Copenhagen, Denmark.
To determine the effect of temperature on variation within Episyrphus (E.) viridaureus the senior author captured wild, gravid females in the field at Samsonvale Cemetery, southeast Queensland (27°16'S, 152°52'E) and placed them in individual containers. Aphids were placed in each container to facilitate oviposition (Chandler 1968a, b, c) . Eggs were allowed to hatch and within 24 hrs larvae were moved to individual containers to avoid cannibalism.
Larvae were reared at 20°C and fed until satiated. Larvae were reared to an early pupal stage and randomly assigned to constant temperature cabinets at 15° (n = 24), 20° (n = 21) and 25°C (n = 26) with ambient relative humidity. Offspring from each of eight females were distributed evenly among treatments. Adults emerging from puparia were killed 24 hrs after emergence to ensure full development of colour patterns. The thickness of the anterior and posterior bands on the abdominal tergites, sternal markings, the proportion of the scutellum covered with black pile, distribution of the microtrichia on the alula, antennal colour and the lunule markings were then examined.
DNA extraction, COI amplification and sequencing followed the methods outlined in Locke and Skevington (2013) . Data are available from a public BOLD dataset at http://www.boldsystems.org/index.php/ Public_SearchTerms?query=DS-EPISYR (dx.doi.org/10.5883/DS-EPISYR) and are also available via GenBank (Table 1) .
Results

Taxonomy
Episyrphus Matsumura
Episyrphus Matsumura in Matsumura and Adachi 1917a: 134 (key); 1917b: 16 (generic desc.) . Shiraki 1930: 362; Goffe 1944: 135-138; Hull 1949: 294; Fluke 1950: 139, 145; Dusek and Laska 1967: 363; Hippa 1968: 79-82; Vockeroth 1969: 124-125; Vockeroth 1973a: 599; Vockeroth 1973b Vockeroth : 1075 Ghorpade 1981: 89- (Fig. 2) , tergite 4 always lacking black, anterior band, black posterior band greater than half length of tergite (Fig. 5) Sternites yellow, with at least sternite 2 with black or brown bands, dashes or spots, if sternal markings absent or faint then two dark spots on lunule above antennal bases (Fig. 8) Brisbane, 6.iii.1960 Brisbane, 6.iii. , 26.iii.1960 Brisbane, 6.iii. , 14.x.1961 Brisbane, 6.iii. , 20.iv.1963 Diagnosis. Lunule usually with two dark spots above antennal bases; antennae orange-yellow with apicodorsal section of postpedicel brown; scutellum dull yellow with brown, translucent, preapical band. Alula with bare area basally. Mesonotum black, with distinct stripes of green or greyish pollen on disc and yellow pollen laterally. Tergite three with transverse, anterior, black band; tergite four lacking anterior band; transverse, posterior, black band greater than half length of tergite and extending to posteromedial margin. Tergite five yellow with black triangle narrowing anteriorly. Sternites two and usually three with black or brown, transverse bands, dashes or spots.
Description. Length. 10-12 mm. Female. Head. Face with yellow integument, yellow pollen and yellow pile. Tubercle below antennae yellow and without pollen. Frons with black integument and yellow pollen, except for a median strip extending to ocellar triangle, absent or faint in some specimens. Ocellar triangle integument black with brown pollen. Lunule yellow and shining with two dark spots above insertion of antennae in most specimens plus a dark patch above. Postpedicel oval, apicodorsal third brown, rest yellow/brown.
Thorax. Mesonotum black, with green or grayish, subshining pollen on disc and yellow pollen laterally, with faint stripes of pollen. Scutellum dull yellow with brown, translucent, preapical band; pile colour variable; scutellar fringe long and yellow in two irregular rows. Alula with basal third bare (Fig. 2) . Trochanters dark brown; fore and mid legs yellow with yellow pile and setae; hind legs with basal half of femur yellow with yellow pile, remainder of leg yellow brown; tibia with dark pile, tarsi with black setae dorsally and yellow setae ventrally.
Abdomen. (Fig. 5 ) Tergite two black with two pairs of triangular, broadly divided yellow spots, one anterior and one positioned medially. Tergite three yellow with narrow, black, anterior, arcuate band, and with a black, broad, posterior band which is produced slightly forward medially. Tergite four yellow with a broad, black, posterior band extending over half the tergite; no anterior band present. Tergite five yellow with a black triangle meeting anteromedial margin leaving two yellow spots on anterolateral margins. Venter yellow, some or all sternites with black or brown, transverse bands, dashes or spots.
There is little difference between the sexes in this species.
Distribution. (Fig. 10 ) Episyrphus (Episyrphus) glaber sp. nov. is distributed along the east coast of Australia from the Atherton Tableland in northern Queensland to New South Wales.
Comments. Episyrphus (Episyrphus) glaber sp. nov. is a distinctive species because of the combination of a bare alula and distinctive abdominal patterns. It is genetically distinct (6% different) from all other Episyrphus species sequenced (Fig. 13) . Diagnosis. Lunule entirely yellow, without dark spots above the antennal bases; antennae entirely yellow. Alula entirely microtrichose. Scutellum dull yellow. Mesonotum dark, shining green gold, without greenish or greyish pollen on disc and yellow pollen laterally. Tergites three and four mostly yellow with transverse, anterior black band interrupted medially; transverse, posterior black band present on both tergite three and four, extending to posterior margin on both tergites. Tergite five with triangular, black mark narrowing anteriorly. Sternites entirely yellow without black or brown markings.
Description. Length. 9-11 mm.
Head. Face with yellow integument, yellow pollen and yellow pile. Tubercle below antennae yellow and without pollen. Frons with black integument and yellow pollen, except for a median strip extending to ocellar triangle, absent or faint in some specimens. Ocellar triangle with black integument and brown pollen. Lunule yellow and shining, lacking dark spots above antennal bases (Fig. 8) . Antennae entirely yellow, setae yellow.
Thorax. Mesonotum dark, shining green gold, without greenish or greyish pollen on disc and yellow pollen laterally. Scutellum dull yellow. Alula entirely microtrichose (Fig. 1) . Trochanters yellow, fore and mid legs yellow with yellow pile and setae; hind legs yellow on basal half of femur with yellow pile, remainder of leg dark yellow; tibia with brown setae and pile; tarsi with yellow setae dorsally and brown setae ventrally.
Abdomen. (Fig. 6 ) Tergite 2 with broad yellow band, broadly divided by black medial band which extends laterally and narrows posteriorly. Tergites 3 and 4 mostly yellow with transverse, anterior black band interrupted medially; transverse, posterior black band present on both tergite 3 and 4, extending to posterior margin on both tergites. Tergite 5 with triangular black mark narrowing anteriorly. Venter yellow, none of the sternites with black or brown transverse bands, dashes or spots.
There is little difference between the sexes in this species. Distribution. (Fig. 11 ) Episyrphus (Episyrphus) oliviae is only known from five specimens from three localities: Paluma Range in northern Queensland, and Mt Glorious and Brisbane from southeastern Queensland.
Comments. These specimens differ from northern European specimens of E. (E.) balteatus by having entirely yellow antennae, lacking spots above the antennae on the lunule and lacking sternal marks. These characters are those that were independent of temperature in E. (E.) viridaureus. The affect of temperature on these specimens has not been determined as no live females were collected during this study. An additional specimen from Townsville was found that closely resembles the above description but it has wider transverse, anterior bands. The Townsville specimen may be a darker form of the same species but this group may not be affected by temperature in the same way as E. (E.) viridaureus. The species is named for the senior author's daughter, Olivia, as every little girl should have a species named after her.
Sequence data could not be obtained for E. oliviae despite considerable effort. (Figs 1, 3 , 4, 8, 9, 12) Syrphus viridaureus Wiedemann, 1824: 35; de Meijere 1908: 299; Curran 1928: 217; 1930: 314, 316 . Episyrphus (Episyrphus) viridaureus (Wiedemann), Vockeroth 1969: 125; Thompson and Vockeroth 1989: 43. Types. Syntype; 1♂; Batavia/ Aug. 1815/ (ZMUC) (not examined).
Episyrphus (Episyrphus) viridaureus (Wiedemann)
Other material: Queensland 2♀, 1♂, Gordon Ck Area, Claudie River, 23-24.vi.1982 , 2-4.vii.1982 2♀, Claudie River, Mt Lamond, 4.vi.1966, D.K. McAlpine, AM; 1♂, mid Claudie River, Iron Range, 29.viii.1974, G. Daniels, GDC; 1♂, Iron Range, 2-9.vi.1971, E.F. Riek, ANIC; 1♀, Iron Range Cape York Penninsula, 13-20.v.1975, K.J. Houston, at light, QDPI; 2♀, 1♂, 3km ENE of Mt Tozer, 28.vi-4.vii.1986, D.H. Colless, swept from u'growth, ANIC; 2♀, 1♂, 7km NNW Coen, 16.iv.1989, G. & A. Daniels, GDC; 1♂, Mt Webb Nat. Pk, 1.x.1980, D.H. Colless, ANIC; 2♀, 1♂, W base of Mt Hartley, 11.vi.1996 , C.J. rectangular patch of black extending medially from anterior margin, sometimes joining two laterally posterior black maculae in darker specimens. Venter yellow; sternites two and three usually with transverse, black or brown band, dashes or spots. Female. Same as male except sternal markings tend to be separated and more frequently spots or dashes rather than complete bands.
Distribution. Malaysia, Indonesia (Java) and New Caledonia (Thompson and Vockeroth 1989) . If E. (E.) alternans and E. (E.) nectarinus are conspecific with E. (E.) viridaureus the species extends as far west as India and north to China and Japan (Thompson and Vockeroth 1989) . The distribution of E. (E.) viridaureus is here extended to include Australia. In Australia E. (E.) viridaureus is found along the east coast from Iron Range in northern Queensland to just south of Sydney (Fig. 9) . A single specimen has been taken from the Northern Territory. A specimen from New Caledonia was examined and confirmed as E. (E.) viridaureus.
Biology. Episyrphus (E.) viridaureus can be found thriving in disturbed or suburban environments. Females frequently oviposit on Ageratum houstonianum Mill. (blue billygoat weed) (Asteraceae) and Sonchus oleraceus L. (milkthistle) (Asteraceae). The larvae commonly feed on colonies of Brachybaudus helichrysi (Kaltenbach) (leaf curl plum aphid) and Hypermyzus lactucae (Linneaus) (sowthistle aphid) feeding on those plants respectively, Toxoptera citricidus (Kirkaldy) (brown citrus aphid) on Citrus limon (L.) (Rutaceae), Aphis nerii Boyer de Fonscolombe (oleander aphid) on Asclepias curassavica L. (redhead cotton bush) (Apocynaceae) and Aphis gossypii Glover (cotton aphid) on Hibiscus rosa-sinensis Linnaeus (hibiscus) (Malvaceae).
Comments. This species is by far the most frequently collected Australian species and exhibits much more variation than the other two. Specimens reared at differing temperatures showed that temperature has a significant effect on the adult colouration. The extent of black markings on the abdominal tergites and the extent of the black pile on the scutellum were significantly affected by temperature. Both anterior and posterior bands were thinner at 25° than at 15°. The marks on tergite 5 can completely disappear, the anterior cross pattern on tergite 2 becomes a faint thin line or two faint dashes and tergite 1 becomes completely yellow at the higher temperature (see Fig. 3 and  4) .
The following characters are independent of temperature in E. (E.) viridaureus: antennal colour, lunule markings, extent of microtrichia on the alula, presence of sternal markings and the 'theme' of abdominal patterns (Figs 3-4) . There was also a significant difference in the proportion of black scutellar pile between male and female, irrespective of temperature. None of the specimens reared lacked sternal markings as males have complete transverse bands on sternite two, while most females have lateral maculae.
Sequence data obtained for five specimens of E. viridaureus collected at two locations showed no genetic variation (Fig. 13) .
